Abstract. Energy saving design of the baggage dynamic sorting device is proposed. The use of springs, which dynamically absorb energy and release it at the right time, reduces energy consumption and the requirement for driving element. The design of the energy saving mechanism is completed, and the dynamics simulation of the mechanism is carried out. The driving force characteristics are obtained and compared with the original driving force characteristics to verify the energy saving effect of the mechanism. Optimize the spring system to find the spring stiffness which makes the system achieve maximum energy saving.
Introduction
In today's society, the issue of energy is becoming more and more prominent, and non-renewable energy such as petroleum and coal is increasingly scarce. Therefore, research on energy-saving systems is very important [1, 2] . In electromechanical systems, there are often cases of constant start-stop or unsteady operation. This not only results in wasting energy, but also reduces the overall performance of the system. Therefore, it is of great value to research on the energy conservation of electromechanical systems.
Mechanical energy storage has the characteristics of dynamic energy absorption and timely release, being green and pollution-free with a large energy storage capacity, high efficiency and low cost, which create a good research value [3] . Therefore, most scholars use mechanical energy storage to design energy-saving mechanisms for electromechanical systems. In wind power generation systems, in order to reduce the pressure imposed by randomness and intermittent of wind energy on grid operation scheduling and system safety operation, scholars have tried to introduce flywheel energy storage systems into wind power generation systems [4, 5] . Some scholars have also studied the use of flat spiral springs to improve the controllability of the output power of wind farms [3] . Some scholars have also designed a scroll-type compression/expansion machine that uses compressed air energy storage to effectively suppress the volatility of wind energy [6] . In order to obtain a reliable power running system, Zhang et al. designed a flywheel energy storage system and Federico Rossi et al. use a mechanical spring system, to solve grid stability and power quality problems [7, 8] . In the vehicle power system, the mechanical energy storage devices has also begun to be used to regulate power and energy, which reduces the energy waste during braking and also reduces the amount of power required to starting up, achieve the purpose of energy saving and emission reduction [9] . The spring system is also used in the gravity balancer. Scholars use storage spring to store the energy released by the balancer spring to a new payload and supply the energy needed by the adjustment of the balancer spring, which reduces the energy waste [10] . These existing researches on mechanical energy storage are based on the characteristics that mechanical energy storage can rapidly store energy and release it at the right time. This not only reduces energy waste, but also makes the system performance be optimized to a certain degree. In the field of construction machinery, tipping mechanism is widely used [11, 12] . Du et al. have designed a baggage dynamic sorting device using a tipping mechanism for the dynamic sorting of airport baggage [13] . However, this device causes a waste of energy in the process of braking by driving force, and the starting value and the peak value of the driving force are both large, which causes the high requirements for the driving element.
In this paper, the spring energy storage system is introduced on the basis of the original tipping mechanism for the energy waste problem of the baggage dynamic sorting device. Use the spring system's ability to dynamically absorb energy and release it at the right time to achieve the goal of improving system drive characteristics to reduce the requirements on the drive element and reducing energy consumption.
Structure and Characteristics of the Baggage Dynamic Sorting Device

Mechanical Structure
The design of the baggage dynamic sorting device adopts the mechanical structure of the rocker and slider. The mechanism diagram is shown in figure 1 . The slider 1 is the driver which is connected with the link 3 at A, with the guide rail 2 at C. The transmission plate 4 is the actuator which is connected with the frame 0 at O, with the link 3 at B. Component 5 is the shaft. The solid line indicates the horizontal state of the mechanism, and the broken line indicates the state where the mechanism tips by 40 °. The basic dimensions in the mechanism are: the length of the transmission plate L=1140mm, the distance from the transmission plate 4 to the shaft 5 h=170mm, the distance of the guide rail 2 from the shaft 5 d=375mm, the height of the initial position of the slider 1 from the shaft 5 H=280 mm, and the length of the link 3 and the stroke of the slider 1 determined by the above dimensions b=415mm, S=300mm.
The power transmission process is: the power element drives the slider 1 to make a linear motion on the guide rail 2. The slider 1 will transmit the power to transmission plate 4 through the link 3. Eventually make the transmission plate 4 to tip around the fixed shaft 5. When the slider moves upward, the baggage on the transmission plate 4 turns following the transmission plate 4. When the slider 1 moves downward, the transmission plate 4 resets. Slider's up and down reciprocating motion achieves the function of sorting baggage.
Input Movement and Analysis of Driving Force Characteristics
Input Movement. Power element drives slider 1 directly, so the input motion can be expressed by the movement of slider 1. In the process of tipping and resetting, the slider 1 does a uniform acceleration first, then a uniform motion, and finally a uniform deceleration. During the tipping process, the acceleration time, the uniform motion time and the deceleration time of slider 1 are all 0.13s, and the peak value of speed is 1125mm/s. In the resetting process, the acceleration time and the deceleration time of slider 1 are both 0.12s, the uniform motion time is 0.04s and the peak value of speed is 1875mm/s.
Analysis of Driving Force Characteristics.
The driving force characteristics obtained according to the input movement set of the system are as follows: Figure 2 . Characteristics of the driving force on the slider in tipping process. figure 3 show the characteristics of the driving force on the slider. It can be seen that the direction of the driving force changes during both tipping and resetting process. The starting value of the driving force is 68.0N. The peak value of driving force is 480.0N in the tipping process and 665.0N in the resetting process. There are two situations in which the driving force does positive work and negative work. The negative work is performed because the direction of the force changes but the direction of the speed doesn't change.
According to the characteristics of the driving force, we can easily find that the driving force of the baggage dynamic sorting device uses the driving force to do negative work in the process of braking, the mechanical energy being dissipated by converted into thermal energy, which causes a waste of energy. We can also find that the starting value and the peak value of the driving force are high, which makes high requirement for the driving element.
Energy Saving Design of the Baggage Dynamic Sorting Device
In view of the energy waste problem of the baggage dynamic sorting device and the high requirement for the driving element, this paper makes an energy saving design for the baggage dynamic sorting device. Compress spring to brake the baggage dynamic sorting device. Spring stores the mechanical energy of the mechanism and releases energy when the movement of the mechanism reverses, which achieves the goal of saving energy.
Principle of Spring Energy Storage
The working principle of spring energy storage is shown in figure 4 . The broken line indicates that the spring is in a free state, and the solid line indicates that the spring is under pressure. Stretching or compressing the spring changes spring's length so that energy can be stored in the form of elastic potential energy. The mechanical model of the spring is:
F=k×X
(1) E=k×X 2 /2 (2) In the formula, F is the spring force, k is the spring stiffness coefficient, X is the deformation of the spring, and E is the elastic potential energy of the spring. 
Design of the Energy Saving Mechanism
In this paper, a spring energy storage device is added to the original structure of the baggage dynamic sorting device. Spring k 1 and spring k 2 are installed on both ends of the guide rail 2. The structure diagram of the mechanism is shown in figure 5 . Compared to the model in section 2.1, except for the two springs k 1 and k 2 , the rest of the moving members and the connection methods are the same, and the mechanism dimensions are also the same. Considering the limitation of the space of the mechanism, the spring k 1 is installed at a height of h 1 '=160mm from the shaft 5, and the spring k 2 is installed at a position of h 2 '=360mm from the shaft 5. The solid line indicates the horizontal state of the mechanism, and the broken line indicates the state where the mechanism tips by 40 °.
The power transmission process is the same as that of the original baggage dynamic sorting device. And when the slider 1 moves upwards, the spring k 1 is initially in a free state, and the spring k 2 is in a compressed state. After the slider 1 runs a certain distance, the spring k 2 is disengaged from the slider 1 in a free state, and the spring k 1 starts to be compressed until the slider 1 stops moving. When the slider 1 moves downwards, the spring k 2 is initially in a free state, and the spring k 1 is in a compressed state. After the slider 1 runs a certain distance, the spring k 1 is disengaged from the slider 1 in a free state, and the spring k 2 starts to be compressed until the slider 1 stops moving.
Determination of Spring Boundary Conditions and Stiffness
Determination of Spring Boundary Conditions. Determining the spring boundary condition is to determine the position of the free end when the spring is in the free state. As can be seen from figure 2, the direction of the driving force changes at the time of 0.2 s, before which the driving force does positive work and after which the driving force does negative work. Therefore, the spring k 2 is required to release energy before the time of 0.2 s, and the spring k 1 is needed to store energy after the time of 0.2 s. That is, when the spring k 1 and the spring k 2 are in the free state, the positions of their free ends coincide with the position of the slider when the time is 0.2 s. And when the time is 0.2s, the slider travels halfway, which means S'=150mm. So when the spring k 1 and the spring k 2 are in the free state, the positions of their free ends are 150mm higher than the initial position of the slider.
Determination of Spring Stiffness. Figure 6 shows the work performed by the driving force on the slider during the tipping process of the original baggage dynamic sorting device. It can be drawn that from the time of 0.2s to 0.4s, in order to reduce the mechanical energy of the mechanism, the driving force has made a negative power of 25875.0N·mm. In the ideal state, the elastic force of the spring k 1 should be used to do negative work instead of the driving force, storing the mechanical energy through the elastic potential energy. According to equation (2), it can be:
In the formula, E=25875.0N·mm, X 1 =150mm. So there is k 1 =2.3N/mm. The starting value of the driving force is 68.0N from section 2.2.2. The drive element generally requires a low starting force, so set the elastic force of the spring k 2 in the initial position F 2 =60.0N. According to equation (1), it can be: k 2 =F 2 /X 2 (4) In the formula, X 2 =150mm. So there is k 2 =0.4N/mm.
Simulation and Optimization Analysis of the Energy Saving Structure of the Baggage Dynamic Sorting Device
Simulation analysis of a mechanism can be realized by using ADAMS software [14, 15] . According to the energy saving mechanism designed in section 3.2, 3D model of the energy saving structure of the dynamic sorting device is built and multi-body dynamics simulation analysis is carried out.
Energy Saving Structure Modeling
The energy saving mechanism only has one spring system more than the original mechanism, so here only need to add the spring system in the original 3D model. The simplified model is shown in figure  7 . 
Simulation Results and Comparative Analysis
Set the quality of each unit and perform dynamic simulation according to the input movement in section 2.2.1. The results are as follows: Figure 8 . Characteristics of the driving force on the slider in tipping process. Figure 9 . Characteristics of the driving force on the slider in resetting process. Figure 8 shows the characteristics of the driving force on the slider in tipping process. The starting value of the driving force is 8.0N and the peak value is 265.0N. Figure 9 shows the characteristics of the driving force on the slider in resetting process. The peak value with of driving force is 480.0N. Comparing with figure 2 and figure 3 , the starting value of the driving force has been reduced by 88.2%, the driving force peak value during the tipping process has been reduced by 44.8%, and the driving force peak value during the resetting process has been reduced by 27.8%. The energy saving design improves the drive characteristics of the mechanism. Obviously, it can be seen that during the tipping process, the negative work done by the driving force is greatly reduced, because most of the mechanical energy is stored through the elastic potential energy. In the resetting process, because the stiffness of the spring k 2 is relatively small, the reduction of the negative work done by the driving force is less obvious. But the negative work done by the driving force is also reduced to a certain degree by converting the mechanical energy into the elastic potential energy. The total work done by the drive force is reduced throughout the tipping and resetting cycle, so the mechanism achieves the purpose of energy saving.
Optimization of the Spring Stiffness
Because the drive element generally requires a low starting force, the stiffness of the spring k 2 is relatively small, causing the range of change is too small. Therefore, we do the optimization analysis of the tipping process by changing the stiffness of the spring k 1. As can be seen from figure 8, when the stiffness of the spring k 1 is 2.3N/mm, there is still a situation where the drive force does negative work in the tipping process. This paper further changes the stiffness of the spring k 1 , and performs dynamic simulation under different stiffness. The results are as follows: Figure 10 . The driving force on the slider under different stiffness of the spring k 1 changing over time in tipping process.
From figure 10 , we can see that as the value of k 1 increases, the negative work done by the drive force in the tipping process will be less, but the peak of the drive force will be larger. Doing negative work means dissipation of energy. The best case is that the driving force does not do negative work. When k 1 =3.5N/mm, the driving force does no longer negative work in the tipping process. The peak value of driving force is 375.0N, which is 21.9% lower than that in figure 4 , meeting the requirement of optimizing driving force characteristics. Therefore, the final stiffness of the spring k 1 is 3.5 N/mm.
Conclusion
(1) The baggage dynamic sorting device was analyzed, and it was found that the baggage dynamic sorting device has the disadvantages of energy waste and high requirements for driving elements. A spring system was introduced to implement energy saving design of the baggage dynamic sorting device, and the stiffness and boundary conditions of the spring were determined. The use of the spring's ability to dynamically absorb energy and release it at right time has reduced the energy waste of the mechanism, also reduced the starting value and the peak value of the driving force, reducing the requirement for the driving element.
(2) Dynamic simulation of the energy saving mechanism was carried out. The starting value of the driving force was reduced by 88.2%. The peak value of the driving force during the tipping process was reduced by 44.8%. And the peak value of the driving force during the resetting process was reduced by 27.8%. During the tipping and resetting process, the negative work done by the driving force was reduced to some degree, and the total work done by the driving force was also reduced, achieving energy saving.
(3) The optimization analysis in the tipping process was performed by changing the stiffness of the spring k 1 . As the value of k 1 increases, the negative work done by the drive force in the tipping process will be less, but the peak of the drive force will be larger. Finally, here got the stiffness of the spring k 1 of 3.5 N/mm. The driving force did not do negative work, and the peak value of the driving force was reduced by 21.9%, not only reducing the energy waste of the mechanism as much as possible, but also reducing the requirement for the driving element.
(4) When the stiffness of the spring k 1 grows, the negative work done by the driving force at the beginning of the resetting process is increased to some extent. But the time for doing this negative work is short, so the increase of negative work amount will not be large. The further work of this paper is to carry out a comprehensive optimization analysis of the spring stiffness combining this negative work to obtain a better spring stiffness.
